In the present study, the environmental and occupational exposure of lead (Pb) has been assessed by analyzing the wholeblood samples of early adolescents (boys) aged 12--15 years working for the past 1--3 years in battery recycling workshops (BRW). For comparative purpose, boys of the same age group residing in the vicinity of BRW (exposed non-workers) and who lived in domestic areas devoid of any industrial activity (referents boys) were selected. The blood samples were analyzed for Pb, along with biochemical parameters of blood. Both biological samples were oxidized by acid in a microwave oven before determination of Pb by graphite furnace atomic absorption spectrometry. The mean value of Pb concentration in blood samples of working boys was threefold higher as compared with referent boys. The significant negative correlations of blood Pb level with % Hb (r ¼ À0.862) were observed in working boys.
INTRODUCTION
Lead (Pb) is comparatively common in the environment, and its toxic effects create environmental health impacts among adults and children. 1--3 Lead is a neurotoxicant and has the capability of interfering with many biochemical events, is present in cells throughout the body and can produce a wide spectrum of alterations in many organs. 4, 5 Multiple long-term prospective and cross-sectional studies have shown that increase in blood Pb concentrations are inversely associated with learning ability, low levels of growth and delayed puberty. 6, 7 The exposure of Pb creates adverse effects on intellectual and neuromotor performance, especially in children and adolescents. 8 Lead exposures in the workplace are responsible for a wide range of health impacts. 9--12 Nowadays, in developing and developed countries the practice increases to consume Pb, which is obtained from recycling activities. 13 Whereas the main consumption of Pb in whole world is in the manufacture of Pb-acid batteries.
Whole blood has been the primary biological fluid used to assess Pb exposure, both for screening and diagnostic purposes. 14 After Pb enters the body by ingestion or inhalation, it has a mean biological half-life in the blood of about 40 days in men and is subsequently stored mainly in calcified tissues. 15, 16 Lead is constantly exchanged between blood and bone, and Pb contents in blood correspond to 5% of the total body burden of Pb. 17 Blood Pb has positive correlation with the symptoms of Pb toxicity. 18 Over the past several years, Pb poisoning has attracted growing attention in the developed countries. At the same time, however, this problem has not been a subject of concern in most developing countries, including Pakistan, with low literacy rate. Less work has been done on environmental Pb exposures and its impact on growing children in Pakistan. Owing to poverty and lack of educational facilities, parents send their boys (10--15 years) to different labors, including dish washing and automobile and battery recycling workshops (BRW). In developing countries, escalation in the transportation sector is creating a growing demand for Pb-acid batteries and presumably the recycling of used batteries. Obtaining secondary Pb from old batteries is economically attractive, cutting about 25% from the energy bill compared with mining primary Pb (Jeffrey and Michael 19 ). The recycling of Pb-acid batteries is one of the greatest potential sources of risk, especially for exposed workers in the informal sectors. In many developing countries, retired batteries are still broken manually using an axe, which is extremely dangerous to the workers. Inhaling dust, fumes or vapors dispersed in the workplace air can lead to acute Pb poisoning. In Pakistan, small workshops that have created occupational exposures or hazards are moved or transferred from the industrial zone to thickly populated domestic areas, where regulatory enforcement is less stringent. The owners recruited adolescent boys instead of men as workers on less salary. They do not obey the rules set by International Labor Organization for the child labor standards on the minimum age for starting work and the Worst Forms of Child Labor (ILO Convention 182 concerning the prohibition and immediate action for the elimination of the worst forms of child labor 20 , 1999) . The small BRW are scattered all over the big cities of Pakistan, and they process 450% of domestically generated battery scrap (may be less or higher), although they have no modern tool and reservoirs for the acid of batteries. The workers of BRW recovered the lead by separating the different materials (lead, plastics, acid and so on) of the battery. Whereas the lead cells are broken into small pieces and heated to remove combustible material, the separated lead materials are smelted and further sold to other industries.
In the present study, we aimed to evaluate the Pb exposure to early adolescent boys working in BRW. The study populations of boys were categorized into three groups: worker boys (WB), that is, those working in BRW, exposed boys (EB), that is, those residing in the vicinity of BRW, and referent boys (RB), that is, residents of urban domestic areas devoid of any industrial activities. In the present study, drinking water stored in small tanks in workshops of BRW and municipal-treated water supplies to domestic areas were analyzed for Pb contents. The soil samples of workshops and nonexposed areas were also analyzed for Pb contents. To our knowledge, this is the first study in Pakistan to evaluate the occupational exposure of Pb in early adolescent boys working in BRW.
MATERIALS AND METHODS

Chemicals and Reagents
Ultrapure water obtained from ELGA labwater system (Bucks, UK) was used throughout the work. All chemicals and reagents were of high analytical grade. For the accuracy of methodology, the certified reference materials, Clincheck control-lyophilized human whole blood (Recipe, Munich, Germany), was used. Standard reference material SRM 1643e (Water) was purchased from National Institute of Standards and Technology, Giathersburg, MD, USA. The certified reference material BCR 483 was obtained from the Bureau of References of European Communities.
Instrumentation
The analysis of Pb was carried out by means of a double-beam PerkinElmer atomic absorption spectrometer model A Analyst 700 (Norwalk, CT, USA) equipped with a graphite furnace HGA-400, pyrocoated graphite tube with integrated platform, an autosampler AS-800 and deuterium lamp as background correction system. Single-element hollow cathode lamp of Pb (Perkin-Elmer) was used. Portions of both standard/sample and modifier were transferred into autosampler cups, and 20 ml (standard/ sample volume 10 þ 10 ml modifier in each case) was injected. Argon gas (200 ml/min) was used as the purge gas, except during the atomization step. The sample solutions containing Pb concentration 200 mg/l were rediluted, and repeated analysis by ETAAS was performed for confirmation. The graphite furnace heating program was set for different steps: drying temperature (1C)/ramp/hold (s) (110/15/10), ashing temperature (1C)/ramp/hold (s) (1200/10/15), atomization temperature (1C)/ramp/ hold (s) (2100/0/5) and cleaning temperature (1C)/ramp/hold (s) (2300/1/3). A PEL domestic microwave oven (Osaka, Japan), programmable for time and microwave power from 100 to 900 W, was used for total digestion of samples.
Study Population
In the present study, the blood samples of boys, aged 12--15 years, working in BRW for the past 1--3 years were collected during January 2010 to February 2011. We visited more than 40 workshops in big cities of Sindh (Hyderabad and Karachi), Pakistan, but because of noncooperative behavior of owners of workshops only 118 WB were given consent to provide biological samples. For comparison purpose, boys of the same age group residing in the vicinity of workshops (within 50--500 m) and nonexposed domestic areas (4--5 km away from BRW, devoid of any industrial activity) were selected as EB (n ¼ 89) and RB (n ¼ 95), respectively. All workers were involved in manual laboring, engaged in collecting Pb electrodes from batteries and smelting them. Most of the WB were living in densely populated urban areas of both cities.
In BRW, no environmental control measures are taken to manage lead exposures in the workplace because of weaker environmental regulations. The effective antiemission equipment and safety measures put in place by the owners of workshops to protect the workers from exposure to lead were not carried out. The boys were working in BRW 6 days a week, from 8 in the morning to 8 in the night. The municipal and state health authorities were providing no medical care to young workers. In the present study, water samples of storage tanks of workshops and municipal-treated water (supply to both cities), as well as surface soil samples of workshops and nonexposed area (outside the homes), were analyzed for Pb contents. The study protocol was approved by an Ethics Committee and a verbal informed consent was taken from all boys and parents, although owners of workshops were not cooperative.
Sampling
Blood samples were collected from WB, EB and RB of the same age group. Venous blood samples (3--5 ml) were sampled using metal-free vacutainer EDTA tubes (Becton Dickinson, Rutherford, NJ, USA), by thoroughly mixing the whole-blood sample and transferring to the storage tube at --4 1C until further treatment. 21, 22 The water samples were collected on a monthly basis in 2010--2011 from domestic water supplies of both cities and water containers of workshops. The tap water was allowed to run for 10 min and B1000 ml of water was collected in a beaker. All water samples were filtered through a 0.45-mm pore size membrane filter (Millipore Corporation, Bedford, MA, USA). The pH of all water samples was checked with a pH meter, and then the pH was adjusted to 2 with 0.1 M HNO 3 and subjected to analysis as described in our previous work. 23 The surface soil samples were collected from 5 to 10 spots of workshops randomly depending on areas of BRW. Soil samples collected from each BRW were mixed to make composite samples of each workshop (n ¼ 40). The soil samples of nonexposed areas were collected from outside the homes of EB and RB. Soil samples were dried at 100 1C and disaggregated to pass through a 2-mm nylon sieve mesh, and were grounded in an agate vibrating-cup mill to o150 mm particle size.
Microwave-Assisted Acid Digestion Method Biological samples. A microwave-assisted acid digestion procedure was carried out for decomposition of organic matrixes of blood samples. Replicate samples of blood (0.5 ml) of each WB, RB and five replicate samples of certified reference material samples were directly taken into Teflon PFA flasks (25 ml in capacity). A volume of 2 ml of a freshly prepared mixture of concentrated HNO 3 --H 2 O 2 (2:1, v/v) was added to each flask; the flasks were kept for 10 min at room temperature and then placed in a covered PTFE container. Flasks were then heated following a one-stage digestion program at 80% of total power (900 W), 3 min for blood samples. Thereafter, the digestion flasks were cooled and the resulting solution was evaporated to a semidried mass to remove excess of acid, and then diluted up to 10.0 ml in volumetric flasks with 0.1 M HNO 3 . Blanks and standard solutions were prepared in a similar acid matrix. The concentrations were obtained directly from calibration graphs after correction of absorbance for the signal from an appropriate reagent blank. The validity and efficiency of the microwave-assisted acid digestion method was also checked with conventional wet acid digestion method on the same certified reference materials, as reported in previous works. 24, 25 Soil samples. Triplicates of 0.5 g of each composite sample of soil were weighed in flasks. A mixture of acids was added, containing HF:HNO 3 :HClO 4 (1:1:1), and then placed on an electric hot plate and heated for 2--3 h until a clear digest was obtained. After cooling, the extra acid was evaporated to a semidried mass, 10 ml of 0.1 M HNO 3 was added and the mixture was heated and filtered through a Whatman 42 filter paper, transferred into a 25-ml flask and brought to volume with ultrapure water. Blank extractions (without sample) were carried out throughout the entire procedure.
Statistical Calculation
Multiple logistic regression analysis was carried out to estimate the independent relationships between log values of blood lead levels (BLL) and % Hb in WB, EB and RB. Differences in means were tested using Student's t-test and ANOVA and strength of association between variables using correlation. Mean comparisons between groups were made using a Kruskal--Wallis test. A significant level of 5% was used throughout the study. Statistical analyses were performed using the Statistical Analysis System (SAS) software (release 8.01; SAS Institute, Cary, NC, USA).
Quality Control
Calibration was performed with a series of certified standard solution of Pb. The linear range of the calibration curve reached from the detection limit up to 50 mg/l. The limit of detection and limits of quantification for Pb were calculated as 3 and 10s/m, respectively, where s is the standard deviation of the blank and m is the slope of the calibration graph. The limits of detection and limits of quantification were calculated for Pb as 0.5 and 1.6 mg/l, respectively. The precision of the microwaveassisted acid digestion was expressed as the percent relative standard deviation of nine independent analyses, calculated as o10%. The validity and efficiency of the microwave-assisted digestion method was also checked with conventional wet acid digestion method on the same certified reference materials and real samples as reported elsewhere. 22, 26, 27 RESULTS This study shows a clear relationship between environmental and occupational Pb exposure and its incorporation into blood samples of human subjects.
Lead Levels in Blood Samples
Clinical and biochemical characteristics of WB, EB and RB are given in Table 1 , whereas the mean values of Pb in blood samples along with median values are shown in Table 2 . The concentration of Pb in blood samples of WB was significantly higher at 95% confidence interval (confidence interval: 277, 285 mg/l) than EB (confidence interval: 190.2, 201) and RB (confidence interval: 84.8, 91.4 mg/l) (P ¼ 0.01, 0.001). The mean value of Pb concentration in blood samples of WB was threefold higher compared with RB. The EB living in the immediate vicinity of BRW also had significantly higher mean BLL as compared with RB (Po0.01). About 32% of the EB living near BRW exhibited BLLs above 200 mg/l, and there was a marked decrease in this percentage (3.5%) in the nonexposed area (Po0.01).
Spearman's rank correlation coefficient indicated a significant negative correlation between BLL and % Hb of WB. Low negative correlation values were observed for EB and RB (r ¼ À0.362 and---0.204), respectively, as compared with WB (r ¼ À0.776), which is in agreement with the previous studies. 28, 29 The BLL was also negatively correlated with RBC (r ¼ À0.548) and Hematocrit (r ¼ À485). These results are consistent with other studies, indicating that lead affects the heme synthetic pathway directly. 30, 31 Thus, Hb, Hct and RBC may be recognized as nonspecific but useful markers of lead toxicity.
Lead in Water and Soil Samples
The pH of domestic water supplies of both cities and water from containers of workshops were found to be in the range of 7.2--7.5 and 6.1--6.5, respectively. Lead concentrations in drinking water samples obtained from municipal water supply system and water containers of workshops were found to be in the range of 10.4--15.6 and 18.6--27.5 mg/l, respectively. As shown in Table 3 , the levels of Pb in water samples obtained from municipal-treated water is slightly higher than the WHO guideline value (10 mg/l) for Pb (WHO 32 , 1996) as compared with the water samples obtained from the containers of workshops. The mean values of Pb in RB found to be o100 mg/l indicated less exposure due to Pb levels in drinking water. The drinking water obtained from the water containers of workshops is shown to be a source of Pb exposure to WB. The pH of the soil samples of workshops and domestic areas were found to be in the range of 5.8--6.6 and 7.4--7.6, respectively. Acid in the recycled batteries was stored in open drums. The Pb concentration in upper layer of soil, collected from different BRW, was found to be in the range of 68--207 mg/kg (surface layer) ( Table 3 ). The level of Pb in soil samples of nonexposed and exposed areas was obtained in the range of 12.4--52.6 and 58--184 mg/kg. The level of lead in domestic nonindustrial area is consistent with another study. 33 
DISCUSSION
In industrial societies, sources of Pb exposure includes the following: the smelting and refining of Pb, combustion of leaded fuels, the production and disposal of storage batteries, Pb paint industries, burning of Pb-painted surfaces and application of pesticides containing Pb arsenate. Lead battery manufacturing and recycling are now the most significant sources of Pb exposures throughout the world. 34 The small-scale Pb battery workshops tend to have high levels of Pb in fumes and dust owing to lack of ventilation system. To our knowledge, the present study is the first that compares the Pb concentration in whole blood of adolescent boys working in BRW and referents from exposed and nonexposed areas, using an analytical technique that provides results with quantification limits of 1.6 mg/l. The WB were not going to school owing to poverty, weakly developed educational systems, lack of enforced legislation or lack of public awareness. The WB may work the whole day, resulting in exhaustion, poor judgment and subsequent increased physical and emotional risks, as reported in another study. 35 In present study the levels of Pb in blood as well as associated risk factors among workers and non-WB belonging to the same geographical area (southern west parts of Sindh, Pakistan). The results showed that WB and EB who were at high risk of environmental pollution had higher Pb levels in their blood samples as compared with RB (Table 2) . Lead is primarily absorbed via respiration, ingestion and carried throughout the body by blood, where it may enter all other tissues of the body. For this reason, measurement of BLL is the most common method for establishing degree of exposure in humans. The inverse relationship of hematological system with Pb toxicity has been intensely investigated. The selection of whole-blood sample for determination of Pb exposure in children and adults is more useful than serum or plasma, as red blood cells have high affinity for Pb. 36 Higher BLLs have been associated with postural abnormalities in children. 37, 38 Although BLL o100 mg/l is currently considered as the threshold for concern in the United States, 39, 40 several studies suggest that there is no safe dose for Pb exposure especially among children. 41 BLLs o100 mg/l have been associated with impaired neuro-psychosocial development, delayed physical development and small stature, delayed onset of menarche and auditory problems. 8, 42 Most of the WB had mild to moderate symptoms of abdominal pain, anemia, muscle pain, irritability and sleeping disorders. In workshops, not using protective gear (gloves, goggles or face shields), careless disposal or storage of leaded materials combined with inadequate sanitation may also increase their vulnerability to Pb toxicity.
The families of WB have a very low socioeconomic status. Socioeconomic status is generally considered to be a potential factor for the association between Pb exposure and children's neurodevelopment. Nutritional factors and personal habits can influence Pb absorption, increasing the risk of intoxication especially in low-income family children. 43, 44 Some epidemiological evidence suggests that the neurotoxicity of Pb is enhanced in children belonging to families with low socioeconomic status, which are at greater risk. 45 Pb-acid batteries contribute to the contamination of all environmental media during their production, disposal and incineration. It was reported in literature that Pb workers may absorb it by ingestion via hand-to-mouth activity. 11 Hwang et al. 46 found that the level of Pb in blood was related to Pb contamination on worker's lips due to touching with contaminated hands, which is also associated with Pb absorption. In most of the developing countries, very little effort has effectively been made to control the environmental contamination in workplace of small and large industries. Because of the absence of effective antiemission equipment, small workshops contaminated the working environment and neighboring residential area. In Taiwan, a study reported air Pb levels of 10 mg/m 3 in a kindergarten near a battery recycling plant. 47 Lead levels in these children reached 150--250 mg/l of blood, and these Pb-exposed children had a significantly lower IQ than children living in unexposed areas. 47 It is well recognized that Pb levels in blood have been decreasing among people living in countries where some measure aiming to control or ban Pb in gasoline has been adopted. The tendency of control lead exposures in the workplace or environmental emissions in several countries was reported in the literature. Such reductions have been reported in the United States, 48 Canada, Germany, Norway, United Kingdom 49 and Mexico. 50 In developing countries including Pakistan, the municipal and state health authorities are not taking much responsibility of medical care for the whole population including children of all age groups. Other important sources of air-borne Pb in urban areas of Pakistan include burning of garbage (containing domestic and industrial refuse, paper products, plastics pieces, shoppers and discarded tires, etc.) in open air (a common method of waste management) due to lack of active environmental agencies. After burning, the contaminated dusts are cycled back into the air and may contaminate the environment inside and outside the home, where they come into contact with human subjects of all age groups.
The present data indicated that occupational and environmental health standards should be implemented and enforced to control Pb pollution from battery repairing, recycling and manufacturing operations. Such standards will also reduce the risk to the people who are living in close proximity to these workshops. We found that children living in the vicinity of BRW had high BLLs, which is consistent with a previous study. 29 Because of weak authorities of environmental control and state health, no proper measure is carried out regarding child labor and impact on their health.
CONCLUSION
This study tried to investigate different factors that could have contributed to the high lead levels in blood of boys working in BRW and EB living near these workshops. Child labor is prevalent in rural and urban areas of developing countries, and the nature of many hazardous exposures is diverse; in addition, the lack of proper supervision or training of these children in issues of safety increases the risk of exposure. The levels of Pb in blood samples were measured in three different adolescent subgroups from two big cities of Pakistan with and without occupational and environmental exposure of Pb. Boys working in the BRW had low % Hb and different health problems (anemia and stomach pain). It is very important for the community to know the dangers of exposure to Pb for the WB and other people living in the vicinity of BRW. It should also culminate into the development of a strong civil society network to campaign against such workshops in residential areas of cities whose effects are of great harm to human health.
